Aim To investigate the possible relation between serum vitamin D levels and arterial structural and functional properties in older men and women. Findings Serum vitamin D levels are associated with carotid IMT and carotid stiffness. No assciation was found with brachial artery measurements. Message The associations between serum vitamin D levels and arterial parameters seems to be driven by the type of artery; only elastic arteries show this association.
Introduction
Vitamin D, a seco-steroid hormone, is mostly known to control skeletal patho/physiology, regulating calcium and phosphorus and bone remodelling. It is obtained through cutaneous synthesis resulting from sun exposure and through oral intake. It is metabolized first to 25-hydroxyvitamin D (25OH-D), then to the hormonal form 1,25-dihydroxyvitamin D (1,25(OH) 2 D). Analogs of 1,25(OH) 2 D are being developed to target specific diseases with minimal side effects [1] .
25-hydroxyvitamin D (25-OH D) is considered to be the best indicator of vitamin D status in those with normal kidney function and reflects the level of circulating substrate. According to international literature, normal values of vitamin D is in a range from 30 to 40 ng/mL (75-100 nmol/L).
More recently, vitamin D deficiency has been considered as a risk factor for cardiovascular disease (CVD) and overall mortality in the general population.
Although the relationship between the traditional role of vitamin D in bone and calcium metabolism has been extensively studied, the mechanisms by which vitamin D deficiency confers vascular risk remain uncertain.
Recent publications, but only a small number of studies, suggest that vitamin D deficiency is also associated with and increased risk of aortic stiffness [2] . Previously, we found that central and peripheral arteries can be affected differently in regards to structural and functional properties [3] . In addition, if vascular stiffening (i.e., a decrease in vascular distensibility) is associated with vitamin D status and if there is a difference between various vascular regions is still unclear.
The aim of the present study is to evaluate whether mean serum vitamin D levels are associated with structural and functional arterial properties in a cohort of older persons.
Individuals and methods

Study design
From April to July 2006 we consecutively enrolled 49 patients (21 men and 28 women, mean age 78 ± 8 years), referred to the outpatient clinic of the Department of Internal Medicine and Geriatric Medicine, Erasmus MC University Medical Center, Rotterdam.
Patients aged 55 years and older were included and those with any cardiovascular event within 6 weeks before the visit were excluded from the study.
All individuals gave their informed consent before the study began. Information on previous cardiovascular disease, smoking habits, and drug use was obtained by interview from overall individuals. Patients were classified as ever-smokers (current or past smokers) or never-smokers.
This study was conducted in accordance with the Declaration of Helsinki guidelines: study design was clearly written in a layperson language and provided to each study participant. Written informed consent was obtained from all patients.
Anthropometric measurements
Anthropometrics were measured in all individuals. Patients' height and weight were collected, and body mass index [BMI; weight (kg)/height 2 (m)] was calculated.
Standing height was measured in bare feet to the nearest 0.5 cm. Weight was measured in light clothing with a platform scale to the nearest 200 g. The scale was standardized to 0 before each use.
Biochemical measurements
Diabetes mellitus was defined as a fasting serum glucose level equal to or greater than 7.0 mmol/L or as the use of blood glucose-lowering medication. Individuals were comfortably lying in a clinostatic position for at least 5 min and all venous samples were done in the morning (between 8:00 and 9:00 a.m.).
Serum 25(OH)D levels were measured using a radioimmunoassay (DiaSorin) and we considered as normal values of vitamin D a range from 30 to 40 ng/mL (75-100 nmol/L). Blood samples were collected the same day as the cardiovascular measurements were performed.
Blood pressure measurements
Blood pressure and heart rate were measured twice on the right arm using an automatic device (Accutorr Plus; Datascope Corporation, Mahwah, New Jersey). Mean arterial pressure (MAP) was collected and the pulse pressure (PP) was calculated as systolic blood pressure (SBP)-diastolic blood pressure (DBP). The average of the 2 measurements was used in the analysis.
Arterial distensibility measurements
After at least 5 min of rest with the patient in the supine position, arterial distensibility measurements were performed by Wall Track System 2 (Pie Medical, Maastricht, the Netherlands), using a B-mode ultrasound to identify the right common carotid artery at 1-2 cm proximal to the origin of the bulb. The right brachial artery was investigated at the antecubital crease. The end-diastolic diameter (D), the absolute stroke change in diameter during systole (ΔD), and the relative stroke change in diameter (ΔD/D) were computed as the mean of values measured in 4 s of 3 successive recordings. The distensibility coefficient (DC) was calculated by the following equation: 2(ΔD/D)/ PP (10 MPa-1). The means of diameter and distension of 3 successive recordings were taken as the subject's readings [4] .
Carotid artery intima-media thickness measurement
Carotid intima-media thickness For carotid B-mode ultrasonography, the L105 40 mm 7.5 MHz array transducer was used (Picus, Pie Medical Equipment, Maastricht, the Netherlands) on the right carotid artery. IMT is evaluated as the distance luminal-intimal interference and the media-adventitial interface (Art.Lab, Esoate Europe, Maastricht, the Netherlands) at approximately 1 cm from the carotid bifurcation.
Statistical analysis
All data are expressed as mean ± standard deviation (± SD) and as percentages (%) for continuous and categorical variables, respectively. Multiple linear regression analysis was made with Backward Stepwise Regression method. A multivariate regression model was used to investigate the possible associations between serum 25(OH)D levels and the examined cardiovascular parameters (dependent variables). Models were adjusted for age, gender, MAP and heart rate. p values less than 0.05 were taken as statistically significant. Statistical analysis was performed using dedicated statistical software SPSS (Statistical Package for Social Sciences, software, version 2.; SPSS Inc, Chicago, Illinois, USA).
Results
A total of 49 individuals, 21 men and 28 women, were evaluated in the present study, after the exclusion of patients younger than 55 years and those with any cardiovascular event within 6 weeks before the visit. The anthropometric, biochemical and instrumental characteristics of the study population are reported in Table 1 . The mean systolic blood pressure was 131 ± 15.5 mmHg, and the mean diastolic blood pressure was 71 ± 9.1 mmHg. The mean serum 25(OH)D level was 50 ± 28.8 nmol/L. In this present study cohort, 28 of 49 participants (57%) had serum 25(OH)D levels ≤ 50 nmol/L and 39 out of 49 (80%) had serum 25(OH) D levels ≤ 75 nmol/L. Serum 25(OH)D levels were associated with carotid distensibility and carotid IMT but not with brachial distensibility (Figs. 1, 2, 3) . In multivariate models an association was found between serum 25(OH)D levels and carotid artery distensibility (β = 0.048; 95% CI 0.010 0.096; p = 0.04), serum 25(OH)D levels) and carotid artery IMT (β = −0.002; 95% CI − 0.003 0.000; p = 0.048).
No association was found between serum 25(OH)D levels and brachial artery distensibility (β = 0.013; 95% CI − 0.030 0.056; p = 0.135) ( Table 2) . Age was not associated with carotid distensibility, brachial distensibility or carotid intima-media thickness (data not shown.
Discussion
In the present study performed in older men and women referred to the outpatient clinic, serum 25(OH)D levels were associated with both carotid distensibility and carotid artery intima-media thickness. No association of vitamin D status with brachial distensibility was observed. The results from this cross-sectional study suggest that serum vitamin D levels could affect vascular structural and functional properties and that various vascular territories could be affected differently.
There is accumulating evidence that vitamin D deficiency is associated with an increased risk for cardiovascular disease. Large population based studies have previously shown an association between poor vitamin D status and an increased risk of cardiovascular events and cardiovascular related mortality, and have also suggested that vitamin D could be important in the prevention of vascular calcification [5] ; a meta-analysis of 12 prospective studies underlined an increased 33% change for CHD in patients with the lowest quartile of vitamin D levels [6] .
Arterial stiffness increases with age and is a predictor of morbidity and mortality [7] . Well established risk factors for arterial stiffening are hypertension, diabetes mellitus, inflammation [8] , dyslipidemia [9] .
However, a role for vitamin D in the process of arterial stiffening has also been suggested [10] ; its deficiency has been associated with activation of the proinflammatory mechanism, promoting atherogenesis [11] .
Several studies reported on the association between serum 25(OH)D levels and arterial stiffness. In the Baltimore Longitudinal Study of Aging, a prospective study of normative aging, vitamin D status was inversely associated with carotid-femoral pulse wave velocity (PWV) in a cohort of 1228 healthy volunteers with a mean age of 70 years [12] . ) reported an association between vitamin D status and aortic pulse wave velocity [13] . The exact role of vitamin D in cardiovascular health and specifically the role in arterial stiffening is thought to be multifactorial. Both animal and human studies have shown that vitamin D metabolites are a negative regulator of the renin-angiotensin-aldosterone system (RAAS) [14] . The RAAS is involved in maintenance of blood pressure, electrolyte homeostasis and control of intravascular volume. Large prospective studies have shown an association between low vitamin D levels and increased activity of RAAS which may result in hypertension and increased water intake and sodium absorption [14] . Furthermore, vitamin D metabolites are thought to directly alter myocyte contractility and proliferation [15] . Effects of vitamin D have also been reported on endothelial function, regulation of vascular endothelial growth factor (VEGF) production and on insulin and glucose handling [16] . It has previously been reported that vascular stiffening can differ between various vascular regions. In a study by Ruitenbeek et al. [17] age and blood pressure influenced functional properties of the elastic central arteries but not the muscular peripheral arteries. Based on the results of the present study, it can also be hypothesized that central and peripheral arteries are affected differently by vitamin D deficiency in regard to their functional and structural properties as associations are observed with carotid distensibility and IMT, while no association is observed with brachial distensibility.
The present study has some limitations. First, given the relatively small number of participants generalizability is limited. Second, the cross-sectional design limits conclusions on the causal relationship between vascular characteristics and vitamin D levels. Third, no information was available on the use of lipid lowers medication.
In conclusion, in a group of older men and women from the outpatient clinic, mean serum 25(OH)D levels were associated with both structural and functional properties of the carotid artery. We found no association between mean serum 25(OH)D levels and brachial artery distensibility.
Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of interest.
Ethical approval All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. The study was approved by the medical ethics committee of the Erasmus University Medical Center (MEC-2006-278).
Informed consent Informed consent was obtained from all individual participants included in the study.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.
